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The latent period  of growth or  "lag," first  recognized by Mfiller 
in  1895,1 is  the  time interval between the inoculation of a  medium 
and  the  beginning of growth at  the maximum  rate.  Chesney con- 
cluded that the latent period in the growth of bacteria is an expression 
of  injury which  the  bacterial  cell  has  sustained  from  its  previous 
environment3  This  conclusion  was  based upon  the  observations 
that  the  latent period  was evident only when  the  cultures used  in 
inoculation were no longer growing at  the maximum rate, and  that 
pneumococci cultures at  the  end  of the  period of maximum growth 
contain  a  substance  that  inhibits  the  growth  of  actively growing 
pneumococci. 
In studying the nature of the influence which the products of metab- 
olism exert upon the further activity of a  microorganism it is impor- 
tant to investigate the changes which may have occurred in the hydro- 
gen ion concentration of the medium.  The question of the influence 
of  hydrogen ion  concentration  has  been  reviewed  exhaustively by 
S/~rensen,  ~ by  Michaelis,  4 and  more  recently  by  Clark and Lubs3 
Clark and Lubs emphasize its importance as one of the factors con- 
trolling bacterial growth thus:  "Just as we pay attention to the tem- 
perature of the incubator, so should we pay attention to the hydrogen 
ion concentration of the medium."  We therefore undertook to study 
the  hydrogen ion  concentration of  actively growing pneumococcus 
cultures.  6 
1  Miiller, M., Z. Hyg. u. Infectionskrankh.,  1895, xx, 245. 
2 Chesney, A. M., J. Exp. Med.,  1916, xxiv, 387. 
3  S/Srensen, S. P. L., Ergebn. Physiol.,  1912, xii, 393. 
4 Michaelis, L., Wasserstuffionenkonzentration. Ihre Bedeutung fiir die Bio- 
logie und die Methoden ihrer Messung, Berlin, 1914. 
Clark, W. M., and Lubs, H. A., J. Bacteriol., 1917, ii, I. 
6  This work is referred to by Chesney3 
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EXPERIMENTAL. 
Bacteriological  Technique.--The  pneumococcus  strains  were  of 
Types I  and II, 7 which had been isolated several years, passed through 
many  white  mice,  and  transferred  innumerable  times  on  artificial 
media.  The beef infusion broth was made by extracting  1 pound of 
chopped beef with a  liter of water over night  on ice, filtering,  adding 
peptone to 1 per cent and sodium chloride to 0.5 per cent, and boiling 
for ½ hour.  The reaction was adjusted to 0.2 per cent by the phenol- 
phthalein  method,  the medium was then boiled 10 minutes,  filtered, 
and  sterilized  in  an Arnold  sterilizer  for 20 minutes  on 3  successive 
days.  One lot of medium was used throughout.  The cultures were 
incubated in the dark in a water bath at 37°C. (+  1°).  The broth was 
brought to 37°C.  before seeding.  The number of organisms present 
in a unit volume was determined by diluting and plating,  using 10 to 
15  cc.  of  1 per  cent dextrose  agar.  The  plate  method  was used  in 
order to count only living organisms. 
Chemical  Technique.--The  hydrogen  ion  concentrations  were  de- 
termined by the gas chain method with the  same precautions used in 
previous work reported from  this laboratory (CullenS).  The accuracy 
of the entire determination was tested frequently by means of SSren- 
sen's standard phosphate and Walpole's 9 standard acetate mixtures of 
known hydrogen ion concentration. 
Since heat or chemical sterilization of the cultures might change the 
reaction,  small samples were removed from the culture flasks, cooled 
to room temperature,  and transferred directly to the electrode vessels 
where purified hydrogen was admitted  and  the determination  made. 
Equilibrium is obtained in the Clark electrode in about 5 minutes,  so 
that  the  time error introduced  by this  technique  is negligible.  The 
apparatus  was then  chemically  sterilized. 
Calculation.--It is customary to use the logarithms of the number of 
organisms  in  recording  results  of  experiments  of  rate  of  growth  of 
bacteria.  The logarithms of the viable organism per 0.5 cc. are plotted 
as  ordinates  against  time  intervals  as  abscissa~.  All  hydrogen  ion 
Dochez, A. R., and Gillespie, L. J., J. Am. Med. Assn., 1913, lxi, 727. 
s Cullen, G. E., J. Biol. Chem., 1917, xxx, 369. 
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concentration  rates  are  expressed  by  S6rensen's  symbol  "pH;"  i.e., 
the Briggs logarithm of the hydrogen ion concentration.  In the charts 
increase in acidity is denoted by a  rise in the curve• 
Experiment 1.--A flask containing 500 cc. of broth at 37°C. was seeded with a 
20 hour culture of Type II.  Kept in water bath at 37°C.  Samples were removed 
at the indicated interval for analyses (Table I, Text-fig. 1). 
TABLE  I. 
Time after seeding. 
~rs. 
0 
1.3 
2.3 
3.6 
4.6 
5.6 
6.7 
7.8 
9.0 
10.4 
12.0 
13.3 
14.3 
25.7 
Viable bacteria per 
0.5 cc. 
6,750 
7,250 
9,000 
10,800 
22,700 
79,000 
228,000 
770,000 
4,150,,000 
23,000,000 
38,000,000 
71,000,000 
• 74,000,000 
61,000,000 
Log. of No. of bacteria 
per 0.5 cc. 
3.83 
3.86 
3.95 
4.03 
4.36 
4.90 
5.36 
5.87 
6.62 
7.36 
7.58 
7.85 
7.87 
7.79 
Hydrogen ion 
conccmtration. 
pH 
7.68 
7.66 
7•64 
7.66 
7.65 
7.56 
7.52' 
7.44 
7.33 
7.20 
7.12 
7.05 
7.02 
7.00 
LOa  @t 
8  7.0  ~  " 
6  7.4 
4  7.5  _~.-o~ 
3  8.O 
HOGS5  2  4  6  [5  10  i9.  14 
LOG OFN(~OF: AC'I~ ~  r 
16  18  2O  22  g-~  ~5 
TExT-Fro.  1.  Pneumococcus  Type  II.  Experiment  1.  Curves  showing 
growth and change in hydrogen ion concentration• 292  PRODUCTION OF  ACID BY PNEUMOCOCCI 
The  agreement between  these  curves is extremely close.  The  lag 
in rate of growth parallels the lag in the production of acid products. 
It should be noted that the  change in rate of growth takes place before 
the change in rate of production of acid. 
Experiment 2.--A flask containing 500 cc. of broth at 37°C.  was seeded with 
0.1 cc. of a 15 hour broth culture of Pneumococcus Type II.  Kept in water bath 
at 37°C.  Samples were  removed at the  indicated  interval for analyses  (Table 
II,  Text-fig.  2). 
TABLE II. 
Time after  seeding, 
hrs. 
0 
1.0 
2.0 
3.0 
4.0 
5.0 
7.8 
9.0 
10.2 
11.5 
21.7 
33.3 
48.0 
72.0 
Viable  bacteria  per 
0.5 cc. 
43,000 
43,400 
45,000 
84,000 
163,000 
480,000 
7,200,000 
20,800,000 
33,000,000 
72,000,000 
108,000,000 
126,000,000 
20,000,000 
1,000 
Log. of  No. of  bacteria 
per 0.5 cc. 
4.63 
4.64 
4.65 
4.92 
5.21 
5.68 
6.86 
7.32 
7.52 
7.86 
8.03 
8.10 
7.30 
3.00 
Hydrogen ion 
concentration. 
pH 
7.71 
7.71 
7.69 
7.63 
7.60 
7.24 
7.21 
7.17 
7.17 
7.15 
These  results  agree  closely with  those  of Experiment  1.  In addi- 
tion,  this  experiment  was  continued  further.  After  the  period  of 
maximum  growth  the  hydrogen  ion  concentration  remained  fixed 
.although  the bacteria were dying rapidly. GLENN  E.  CULLEN  AND  ALAN  M.  CHESNEY  293 
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Experiment 3.--A flask  containing 500 cc. of  broth  was  seeded with 1 cc. of  a 
16  hour broth  culture  of  Pneumococcus  Type  I.  Kept  in  water bath at  37°C. 
At the indicated interval samples were removed for analyses (Table III,Text-fig. 3). 
"FABLE  III. 
Viable bacteria per  Log. of No. of bacteria  Hydrogen  ion  Time after seeding.  0.5 cc.  per 0.5 cc.  concentration. 
hrs. 
0 
2.0 
4.0 
6.0 
7.5 
10.0 
11.7 
13.8 
15.9 
24.3 
52.5 
76.0 
96.0 
375,000 
450,000 
6,200,000 
130,000,000 
145,000,000 
160,000,000 
177,000,000 
210,000,000 
166,000,000 
57,000,000 
63,000 
330 
8O 
5.57 
5.65 
6.79 
8,11 
8.16 
8.20 
8.25 
8.32 
8.22 
7.76 
4.80 
2.52 
1.90 
pH 
7.70 
7.68 
7.56 
7.24 
7.14 
7.11 
7.09 
7.07 
7.03 
7.03 
7.04 
7.04 
7.03 
This experiment illustrates  the fact emphasized by Chesney that 
the death rate is comparable with the velocity of a  monomolecular 
reaction,  where  the  concentration of  only  one  substance  changes 
during the reaction.  This type of reaction is represented graphically 
by  a  straight  line  curve.  It  shows,  moreover,  that  the  acid  pro- 
duction, is a function of  the actively growing organism, and that the 
death of the pneumococcus is  not associated with  acid production, 
or  with increase in the hydrogen ion concentration. 
DISCUSSION. 
It is evident from the above results  that  the pneumococci when 
growing actively produce acid  substance  in  sufficient  quantities  to 
change the hydrogen ion concentration to a marked degree.  That this 
acid production is a metabolic function of the living organism is indi- 
cated by the fact that after growth has  ceased  there  is  no  further 
change in the hydrogen ion concentration,  either  while  the  organ- 
isms  remain alive,  or  during the subsequent  period  when they  are 
dying. GLENN  E.  CULLEN  AND  ALAN  M.  CttESNEY  295 
l 
j 
o 
04 
~  t  ~  ~  ~  ~¢  tO 
"~o 
/ 
/ 
i 1 
",4 
/  I ~ 
f 
, 
.o 
o 
,.= 
..= 
09 
e- 
ed 
,.= 
R 
~0 
o 
t.9 
>, 
o 
o 
o 296  PRODUCTION  OF  ACID  BY  PNEUMOCOCCI 
The fact that cessation of growth occurs always at a pH of about 7 
suggests  that  a  hydrogen ion  concentration of more  than  7  is  not 
favorable  to  growth.  The  reaction  of  the  blood,  i.e.  about  7.4, 
permits the maximum rate of growth.  However, the fact reported 
in  the  earlier  paper  (Chesney  2)  that  the  inhibiting  substances  are 
destroyed by incubation  for from 4  to  6  days is  evidence that  the 
reaction itself is at least not the only cause of the injury, for we have 
found that the pH does not change during this incubation.  Further- 
more,  since  actively  growing  cultures  inoculated  into  media  thus 
used and incubated, and with a pH of 7, continue to grow, the reaction 
itself is not sufficiently acid to prevent growth entirely.  There must 
be  other  inhibiting  factors.  The  nature  of  these  inhibitory  sub- 
stances is at present unknown.  Since, however, our present investi- 
gation has been indefinitely interrupted, it seems desirable to report 
it in the present form. 
SUMMARY. 
1.  Actively growing pneumococci produce acid at such a  rate that 
change in the pH of the medium parallels change in rate of growth. 
2.  The death of the pneumococci is not followed by change in the 
reaction. 
3.  Acidification  during  growth  in  beef  infusion  media  proceeds 
until a  pH of about 7 is reached.  At this point growth stops.  The 
increase in hydrogen ion concentration is not the  only origin of the 
injury to the cell that causes lag in a subsequent culture. 
4.  The increase in hydrogen ion concentration of the medium is not 
the sole cause of cessation of growth. 